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Abstract 
In the paper, the electromagnetic compatibility of a frequency converter with a power supply is investigated. Comparison 
of the variants of the electric drive with conventional capacitors and supercapacitors, which are connected directly to the 
DC link of the frequency converter, is given. The simulation results in the MATLAB package and the experimental study 
of the electric drive with using the power quality analyzer are presented. The paper presents the forms of currents and 
voltages at the input of the frequency converter, as well as their harmonics composition. Conclusions about the influence 
of the supercapacitor block on the electromagnetic compatibility of electric drive to the mains are made. 
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1. Introduction
According to various estimations, the different types of 
electric drives consume about 60-70% of all the generated 
energy [1]. At the same time, the most modern and widely 
used electric drive system is a frequency-controlled electric 
drive. The proportion of such electric drive systems at the 
modern plants is quite high and is typically greater than 
25 %. 
At the same time, it is known that in addition to well-
known advantages, associated with high energy and 
technical-economic indicators, the frequency-controlled 
electric drive negatively affects on the power supply and is a 
source of high-frequency harmonics. This is connected with 
the fact that the frequency converter with an uncontrolled 
rectifier at the input consumes from the power supply a non-
sinusoidal current in the form of pulses, which leads to a 
distortion in the supply voltage. And since the specific 
power of frequency-controlled electric drives is constantly 
growing, the problems of electromagnetic compatibility 
between frequency converters and the mains are becoming 
more important. 
Of course, frequency converters with active voltage 
rectifiers do not have such drawbacks, since they consume 
almost sinusoidal current from the mains and the total 
harmonic distortion for current for them is about 5 % [5, 6]. 
However, they have a significantly higher cost and their 
installed power at the enterprises is significantly lower in 
comparison with converters with a bridge uncontrolled 
rectification circuit at the input, the total current distortion 
factor for which can exceed 60 %, even when using 
smoothing reactors [6]. 
The problem of electromagnetic compatibility of a 
frequency-controlled electric drive with a power supply 
network has been well studied and the main solutions for 
reducing the influence of frequency converters to the mains 
have been well developed, starting from the using of filters 
at the input and ending with active semiconductor filters [5-
8]. The purpose of this work is to analyze the influence of 
the electric drive with supercapacitors on the power network 
and compare its effect with conventional frequency 
converters. 
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Figure 1. Functional diagram of frequency converter with supercapacitors block 
The block of supercapacitors in a frequency-controlled 
electric drive increases its energy efficiency, which leads 
to a reduction in the energy consumption of the electric 
drive up to 50 % in comparison with solutions, in which 
the braking energy is dissipated on the braking resistor [1-
3]. Another important advantage of such electric drive 
systems is the increasing the system autonomous work 
time during the power supply failure, especially if 
together with supercapacitors the batteries are used. And 
since such solutions are used in regions with weak mains, 
or with autonomous power supply, the problem of 
electromagnetic compatibility becomes more important. 
The article considers a variant, where the 
supercapacitors are connected directly to the DC link of 
the frequency converter. Although this version has several 
disadvantages, associated with incomplete using of the 
capacitance of the supercapacitor, however this is the 
simplest and inexpensive solution, which does not require 
the using of additional DC-DC converters with its own 
automatic control system [3].  
Schematic diagram of this connection is shown in 
Figure 1. In the frequency converter, which will later be 
used for experimental investigations, four series-
connected super-capacitors with a rated voltage of 200 V 
and a capacitance of 0.85 F are connected directly to the 
DC link of the frequency converter in parallel with the 
existing capacitors. 
For the charging the supercapacitors, the charging 
circuit of the frequency converter, which protects the 
uncontrolled rectifier at the input from overcurrent, has 
been changed. It is important to note that the capacitance 
in the DC link of the frequency converter in this case has 
increased more than 150 times and the aim of this study is 
to determine the influence of the supercapacitor block on 
the electromagnetic compatibility of the electric drive 
with the power supply. 
2. Simulation results
At the first step, the electric drives system with
conventional and supercapacitors, connected to the DC 
link of the frequency converter, was simulated. In the 
simulation, an induction motor with a rated power of 3 
kW was used, which will then be used in the experimental 
setup. To power the motor, a frequency converter with an 
uncontrolled rectifier at an input and rated power of 10 
kW with a scalar, open-loop automatic control system, 
was used. The active resistance of the power supply 
during the simulation was selected in accordance with the 
parameters of the experimental setup, which is powered 
from an alternating current network with an internal 
active resistance about 3.4 Ohm. During the simulation 
the smoothing reactors with an inductance of 2.26 μH, 
which are used in the experimental setup, were included 
in the input circuit of the frequency converter. 
To estimate the influence of the frequency converter 
with supercapacitors to mains, the quality of the supply 
voltage was analyzed for compliance with standard 
(GOST 32144-2013 [4]). Standard regulates two 
indicators, which relate to the distortion of the supply 
voltage form. The content of each harmonic is regulated 
separately up to the 40th and the total distortion 
coefficient of the voltage waveform, which shows the 
resultant effect of all harmonics on the shape of the 
voltage. The standard regulates the content of each 
harmonic separately up to 40 and the total harmonic 
distortion of the voltage waveform, which shows the 
resultant effect of all harmonics on the voltage form [4]. 
One must mention that the form and harmonic 
composition of the input currents of frequency converter 
gives more information about how much the converter 
distorts the power supply voltage. However, this indicator 
is not regulated by the standard, since the voltage 
distortion depends not only from the harmonic 
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composition of the current and its form, but it also 
depends from the current magnitude and from the internal 
resistance of the power supply. 
Harmonic measurements and the quality estimation of 
supply voltage were carried out after the starting electric 
drive with load about 75 % from the rated motor torque. 
The Fig. 2 shows the currents waveform at the input of 
the frequency converter in the steady state mode. 
Figure 2. Current waveform on the input of frequency converter 
From the figure we can see that the electric drive 
consumes a substantially non-sinusoidal current from the 
mains, which does not change significantly when a 
supercapacitors block is connected to the DC link. These 
results are confirmed by the harmonics composition of the 
input currents, which is shown in Fig. 3. 
Figure 3. Input current harmonics 
THD in the input currents of the converter in both 
cases differs not significantly and it is slightly more than 
60 %, which obviously will negatively affect to the mains 
voltage. The same conclusions can be done about the 
harmonics composition of the input currents, which has 
hardly noticeable differences for the electric drive with 
conventional and supercapacitors. 
This is explained by the fact that despite on 
significantly lower voltage pulsations in the DC link of 
the frequency converter during the using of 
supercapacitors, the shape of DC link voltage does not 
change significantly (see Fig. 4). And since the frequency 
converter consumes current from the power supply at 
those times when the voltage on the capacitor becomes 
less than the voltage at the output of the uncontrolled 
rectifier, the same form of voltage in the DC link allows 
us to conclude that the using of supercapacitors instead of 
conventional capacitors does not significantly affects on 
the distortion of the supply voltage. 
Figure 4. Voltage in the DC link of frequency converter 
The harmonic composition of the voltage at the 
converter input is shown in Fig. 5. As we can see from 
figure the frequency converter, which operates with an 
almost rated load distorts the voltage of the mains. 
Figure 5. Input voltage harmonics 
However, all the network quality indicators comply 
with the Russian standard. So, voltage THD for both cases 
is about 4%, while for a voltage of 380 V, the normally 
acceptable value in standard is 8%, and the maximum 
permissible value is 12% [4]. Similar conclusions can be 
done from the voltages harmonics, where the most 
disadvantageous are the 5th and 7th harmonics, the level 
of which is about 4 and 2% respectively, while the 
standard allows normal admissible values of 6 and 5%. 
Therefore, based on the simulation results, we can 
make a preliminary conclusion that the using of 
supercapacitors does not have a stronger negative 
influence on the power supply compared to frequency 
converters with conventional capacitors. 
3. Experimental results
The next task was to carry out a series of experimental 
investigations of the electromagnetic compatibility a 
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power supply and frequency-controlled electric drive with 
supercapacitors. Functional diagram with direct 
connection of supercapacitors to DC link of frequency 
converter was presented in Fig. 1. 
The block of the supercapacitors is connected to the 
DC link of the frequency converter by means of the 
circuit breaker QF4. When this breaker is in off position 
we will get a standard frequency converter. The functional 
diagram of the experimental setup is shown in Fig. 6. 
Figure 6. Functional diagram of experimental setup 
For the analysis of electromagnetic compatibility, the 
AR5 quality analyzer together with the personal 
computer, on which the specialized software CIRCUTOR 
Powervision is installed, was used. The device has a wide 
range of functions and allows to measure harmonics of 
currents and voltages with automatic calculation of THD 
for each measuring point.  
The frequency converter is connected to an induction 
motor, on one shaft with which a DC motor is mounted. 
The DC motor is used to create a load on the induction 
motor shaft. The DC motor is powered by a Simoreg DC 
Master thyristor converter, which operates in the current 
control mode. The measurements were carried out in a 
steady state operation mode with a load of about 75% 
from the nominal value. 
Figures 7 and 8 clearly show the negative influence of 
the frequency converter on the mains.  
Figure 7. Influence of the converter load on the current THD 
In Fig. 7 shows a series of current THD points before 
and after applying the load to the electric drive. Although 
the current form after the load applying has less 
distortion, as indicated by the total harmonics distortion, 
the effect of the converter on the network has become 
more significant.  
Figure 8. Influence of the converter load on the voltage THD 
Figure 8, which illustrates a series of voltage points 
THD at the same times as in Fig. 7, shows that when the 
load applied to the motor shaft, the voltage THD is 
increased from 2 to 4%. This is connected with the fact 
that the amplitude of non-sinusoidal current is 
significantly increased, which led to an increasing in 
distortion of the mains voltage. 
Figure 9 shows the currents waveform at the input of 
the frequency converter with a conventional capacitor and 
with supercapacitor. Differences in the form of the 
currents during using the supercapacitors are not 
significant, which is agreed with the simulation. Fig. 10, 
which shows current harmonics, also shows that the 
influence of supercapacitors on the power supply is not 
significant, compared to “normal” capacitors in the DC 
link of frequency converter. 
Figure 9. Current waveform on the input of frequency converter 
Figure 10. Input current harmonics 
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One must mention, that the harmonic composition of 
the input currents and its waveform has some slight 
differences from the simulation results (See Fig. 3), which 
is connected with the fact, that the simulation does not 
accurately account all factors, affecting on the form of the 
input currents. 
In Fig. 11 shows the form of the supply voltage on a 
part of the power supply period, which can be displayed 
by means of an energy quality analyzer. 
Figure 11. Voltage waveform on the input of frequency 
converter 
In the form of voltage, we can see the distortions, 
caused by the connection to the network of a frequency-
controlled electric drive. As in previous cases, the 
distortion results for the drive with supercapacitors are 
practically the same as for the electric drive with 
conventional capacitors, which is also confirmed by the 
harmonics of the power supply voltages, which are shown 
in Fig. 12. 
Figure 12. Input voltage harmonics 
Conclusions 
It is known that the using of supercapacitors in a 
frequency-controlled electric drive leads to a significant 
reduction in power consumption in comparison with an 
electric drive, where the braking energy dissipates on the 
external resistance. At the same time, the constantly 
growing specific power of semiconductor converters at 
enterprises forces to pay more attention to the problem of 
electromagnetic compatibility of semiconductor 
converters with a power supply. 
The results of simulation and experimental 
investigations show that the direct connection of 
supercapacitors to the DC link of the frequency converter 
does not have a more significant influence on the power 
supply compared with electric drive with conventional 
capacitors. This is explained by the fact, that the voltage 
form in the DC link of the converter with the 
supercapacitor, in spite of the significantly lower level of 
pulsations, has almost the same form as in the frequency 
converter with conventional capacitors. 
In order to reduce the influence of the electric drive 
with supercapacitors on the power supply, it is possible to 
use the same measures that are used for traditional electric 
drives, such as the installation of smoothing reactors at 
the input or in the DC link of frequency converters. 
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